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HELD OF INVENTION ^^j. ^ ^^^^ flo^v 

The present invcntum generalK relates , 
• , • flow cell and. more specifically, to the ub 
over a sensing surface withm a tlo. a ^^^^^ ^^^^^^ ^^^^^^^^ 

'a-ar no. tec.ni,ues to ^^^^ ^^l^, ^^^^^ ^ 
sensing saua^^^^ - — 

BACKGROUND OF INVENTION ^. interaction Analysis 

• . mpn'nt^on ff^r real-time Biomolecuiar 
lnstrumen.at.on i^r ^^^^^ 

„acic name BlAcore (hercm.fter ^ . .__^^^^^,,„„^ 

..nveen molecules a. .he urto ^^.^^ ^ f„ 

handUn, » "P^; f „ . .e -..aud;' is 

conlrol and data evaluation. One m 

,„,.„b.Uzed on ,he surface of .h= senso, , ,„,„3cts »i* 

..uafyte." flows «v« fhe surface of the sensor c , M ,he ^^^^^ 

A cPT? iiQcd to measure a change lu 
the rmnrobilaed l.gand, SPR s ^^^^^^^^^^^^ ,„ 

*e surface of the sensor ctap. „f 
;„„obiteed ligand gives .his technique speetficy. 
interactions ,n complex mixtures. ^ 

The BlAcore instrument has 

has been published concerning its operatic 
volume of inerature has bee P ^^^^^^^^^ ^^^.^ 

applicability For example P*"*=^ " J ^^^^ ,„^„„„„, „„,c published 
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. „f,h,- lil-\c(irc msinimcnt, 

„e sensor ch.p, B.nd.nj of .he .na , ^^^^^^ ^ ^^^^^^ 

,eftae,-.ve mdex «h.ch is mon,.ored ^ ,,„,„„am »«ch plo.s 

^ u cpp The data take the torm oi ^ ^ ^ 

„e s.^ai in resonance nn,.s Rl ^^^^^^^ ,^^^„^^„„ „ 

c„„esponds ,0 ..,= P.n -8 - „^ ,,, a.o.na.o„.p^y 

B.-.*- "^^^-O*-^-'^- Se,e„re ,,..513-526. 

59,;397-410, 1992; S.enberg el al.. CoUo.^l 

, „r ,he BlAeore inslmmen., ihe sample is 
„„rtng opera..o of .he .^^^ ^^^^ 

,*ered ro .he sensor ch.p n. - J ^^^^^^^ ^ ,„,.er 

The IFC eonsis.s of a senes of preo.s.on ^^^^^ 
plate, fomrirrg sample loops and flow e a ^ 
The IPC is pressed in.o eonfae. - ^^^^^ ^^^^ 

.1.= BIAcore instrumen . P ^ ^ 
insimmem is depicted .n F.gnre lA.wh.ch 

.e.ed fron. ahove, .i.h .he .nse, showtn a ^ 
depic..nsano.cellfo.=afron,press.n,.hU C sans^^^^_^^ ^ 

S-P" I,, airec. .he sample through .he 

pnenmatically ac,ua.ed '-^^^ l^ , this manner, the 

.3r,ons ehar^els .0 .he * „ ...iehannel analys.s 

BlAcore ins.rt.mem (e g , BIAe ^ ^^^^^^^^^^^ ^^^^^^ ^^^^ 

in up ,0 four flow cells. For example, g» ^^^^^^^ 

11- in c;pn^s (labelea i, ^ 
through three «o» cel. m e - ( ^^^^ ^^^^ , 

specifically depicted m Figure in. 
flow cell for analysis (c.g.> FC 1). 
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^1 \^n\\■ c'lN h;ivinL' a cross 

1 u - o Tnt'll scnsine surlacc area m taLu 
,„ „a„o,«c. (.1), -J h.v,„B . - ,„„.,„,.e,y , 6 

,pp„.n.«dy ..2 .n,2, A locscO , c ^ , ^^^^^ 

or ,l« l.np„ 0. .he se„s,ng surtac. lor .a ^ ^^^^^ 

a sc„s,„g area wuh.n each no. ceU of about 03 r.. J- _^ 

B.C0. — co„* a - ^^^^^^^ ..Lpa.. 

f.„. H Afferent sensing areas, passage oi 

• -w . T:r 1 FC 2 FC 3 and FC 4). 

. . B,A-o-= ,.s.ra.en. offer, numerous advantages, and represents .„e s. 
,„ BlA.o,e .ns.ru i„,p„vemen.s tnereto are 

„f ,he art with respee. to sample del v 0 , , ,„p„„,„, 

t ;:er : n w-efned volnnte or 
,ha, sanrple be del.vered ,0 e^h ^^^^ ^ ^^^^ ,^ 

with mtnimal d.sperston a, sample bu 

created by switching between sanaple and buffer flow ^^^^^^^ 
pnenmattc valves. WMle ---^ star, and e. 

of the sample is dt.uted b, 
of sample introductton where the co„«^n ^^^^^^^ 

■ " n.:rnul o r cel. in ser.es ,as depicted 

Further, disper.on .ncreases w.th the m ^^^^ ^^^^ ^^^^^ 

,„ figure IB,, such dispers.on ' ™L ntroduet.on. These so-called 

— « - «et.„„ .nccs 

.,„e and fall t.mes hm.t the a > ^^^^^ ^^^^ ^^^^^^^ _^ 

,„teract.ons w.th h.gh rate constants). One y ^^^^^^^^^ 

— - :-r ::rpr::r ^^^^^^^^ 
;ra:p:::p^e:::wh,ch provide an up^^^ 
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, v.rnuons bcUvccn How cells tan 

.• r-. tivc- index reaction kmelKS anu 
i .•.,mnle analvsis. Suice retiacUvc inutA. 

.ra„sp»r, 0. Hk- an.K >c u, -h. - ^ ^^,,^„„„„, 

mcasuremenl cTor. I urther. ^ j,^^^, ^^„^ 

co.o,M ..P,e ^^^^^^^ _ 

M immobilization 01 uiiiertiiL iio^i 
^"^^ ' .,,,er such n.od,r.cations are only achieved wUhu. .....^^^ 

a smgle flow cell. Rather, such ^ „,,ed above. 

- t::: rr::: i:. the ..... sa^p. deh.. 

f fl^^x, rpll-based detection instrumems, buw 

— ^ - : L .s.™.e„. ...i. ...an 

*e BIAcore inslrumem. ^^^^^^ ;„ , 

p„p=n, assccia«d a provide fas, 

i„p„ved sample delivery .ech„.q« . Sucb ^P 
„,.d exchange ra.es .e.ween sample ^^^^^^ 
,„„„ol across .uMple sensin, areas, and perm., a r,e.y 
„,„,.s. o^Ulple sens., areas «H... e o««^^^^^ ^^^^^ 

The present invention fultiUs mesc 
related advantages. 

SUMMARY OF THE INVENTION to the control of a fluid 

m brief, the present invention is directed 
.er a sens, snrface within a flow ^ - ^^^^^^^^^^^^ 

,,,s.ng areas within the ow cell P ^^^^^^^^^ ^^^^^^^^ 

now rates of at least two la.inar fluid flo ^^^^^ ^^^^ ^^^^ 

rmy be laterally moved over the sensing surface w 
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, , .n,n,llablv pos.l.oncd wuh.n the flow cell o^e, one oi 
„,anner. Uie Hows may be eoniroliablN i - 

r..,. und iuriher permits a Nvide rauize o1 surtace 
more discrete sensing areas, and lurin i 
modification and,.or interaction at the discrete sensing areas, 

one aspect of the invention provides a method of sensitiztng a 

to be nassed bv a liquid flo^v. The term "sensitizing 
s sensme surtace arranged to bt passeo . m 

capa* or sp=cif,ca„y ,n..ac.., a des.. anaK.. J . m 

co.pnses p.ovM., a >a.,„ar flo. of a flo,d a„d a ,a.,„a, ow n 

u n vnf the first fluid so that the two laminar flows togetner 
fluid adjacent to the flow of the lirst uui , , . r..,. 

' -J i.l^_..*v-.<-iTI*-» >.w1 lilt iii.TL 

,0 pass over ,he sensing surface with an in.erface ,0 eacn o,„er, . n., a --^.^ 
fluid be,n. capable of sensi.i.n, .he sens.ng surface, and 
r,™ rare of one or bo.h of .he uvo ianr.nar flows ro posnron .he .n.erf 

,ens,ng surface for se.ecive s=nsi„za,ion .hereof, ^ 

In one embodimen., the sensing surface .s sensiiiz . 

,he surface wifh a f,rs. fluid .ha. sensi.rzes .he sa.e, and a second fluid .ha. does 
V rhe surface In a varian. of .his embodimen., .he procedure .s 

:;:::rr:::. n„id is re^aced . ... .h. does 

20 the sensing surface differenfly than .he first flu.d to produce 

sensi...ed areas, optionaiiy spaced apart by, or a.acen. .0, a - ; 

of ,he sensing surface, in ofher e.bodi.en.s, a stepwise gra le r„ 

. u 1 f finw rates of the aminar flows to displace me 
produced by varying the relative flow rates 

-J o^i.nt sensitized area on the sensing surtace 
interface laterally and provide a gradient- sensitized 

• fV.^ rplativp flow rates oi tne lamiuai 
7. or alternatively, by continuously varying the relative flow 

flows to generate a continuous gradient-sensitized area. 

in still another embodiment, an additional laminar flow of a 

t K M.ofthe flow ofthe first fluid so that the laminar 
fluid is provided on the other side ot the now 

ofL flrst fluid ,s sandwiched be.veen the ia.inar flows of the se^n a 

u n^,.. the first fluid to be positioned laterally on 
30 third fluids. This permits the flow of the lirst 
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0,r,rc„. ,;,>.,.s. ar. „„. capable of sc.u,.,,,. .cnsn, soHacc a s.rea o,- 

Hv socc«s,v.v .pea,., 0. a,K.v. proceaa. .a,„ a, ea. ™. . 
, f.. a„a vanoc. .-laav. flo. ... of ,= .cc™ - 

" „„,J. or mo. rows of scnsU.-.O surface areas may be prov.dcd o„ 

sensins surface. ^;tv.^r q 

" ,„ ye, another embodiment, fhe method is used to produce ctther 

or ,„a,r,x of sensmzed areas on the senstn, surface. T.s may be achteve 
,., bv repeattng tfre procedure w,th a different sensnt.ang buto o. ^ 
,ppW „e the laminar flows at .„ angle, typically transverse.,, to the or.g.na, ffo» 
reL; such rows or matri.«s have a number of beneftc.al apphcat.ons as 

^=™^"'"ro::':;ronhe.nve„t,on provides a method Of ana,y.m. a 

„ fluid sample for one or more analytes. IntTell! 
sensing surface by .nrmobmza.ion of an a„al,ne-speetftc Itgand on^e s s.n 
surface by the methods desertbed herein, contacttng the sensmg surfa e w h 
fluid sample, and detecting interaetton of analyte in the ffutd samp e h 
,,„s,ti Jarea or areas of the sens.og surface. One or more non-senstt.ze 
,0 may be used as a reference area or areas or. alte^attvely. one or more areas 
sensitized with a control ligand may be employed. 

Still another aspect of the invention provides a method of analyzing 
a flmd sample tor an analyte where laminar flow of the fluid is to posMon .he 
sample now on the destred sensitized area or areas. The me hod omp 

area be.ng capable of selectively interacting w.th the analyte; pass.ng fl . 
tamtnar How of the fluid sample over the senstng surface, but not ,n contac w„h 
.e sensitized area; pass.ng a second lam.nar llow of flotd that ts not cap* 
mteracttng wtth the sens.t.zed area over the sensmg surface, the second rm r 
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dclcclmg interaction ol analNtt 

1 v.hcre tlK whole sms.ng surface ,s sensmzed and 

'I ; ,e„s,„. »fa« .a, be .fence, aw.y, TKis 

,„.,.,„d s-rface which is capable of selcCvcl) 
, 0 .emod c„.pnscs pcov.d.g a » ,,„,,e over 

a first part oi tne sensitized suria . intenctmc with the 

• n fluid that is not capable of interacting 
passing a second lammar flow of flv.d P 

V . .nrface over the remainder of the sensit.zed surface (. c, 
se„s,t,zed surfac 0 er ^^^^ _^ ^^^^^^^^ 

,5 sensrng area,, where, tlte second ^^^^^ ^^^^^ 

now and the ' J sensing area, fnaWher 

,„,erac,ion of ana.yte .n the ;™ ' ^ ^^^^^ „„3 ate 

entboditnent, the reiat.ve now rates o *c ^ ^ 
.d,„sted such that the firs, lamtnar flow _^ ^^^^^^^^ 

20 second sensing area, and mteract.on of anal>.e 

,™i„ar flow techniques « ' , ,,„,,„d sensrng area, 

25 flow cell to a pos.fon where the santple ^^^^ ^ 

ntethod fot studyrng assocra™^^^ . capabie of 

cpn<;inr' area on a sensuiL ^ 
sensitized sensing ^ ^j,,,,gn 

interacting with the analyte; passing fiuid sample 

.oivt^ free fluid in a second laminar tlow mruu^ 
the nou cell; passing analyte-free fluid ^ 

30 flow cell, the second laminar flow being adjacent to the 
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P . . • .r,.T chancin" the relative ilow rate. u> tlK 

,,,~t ihf cicnsit zed sensing area, tnaii^ni^ 

- aetermininR association ot anai>it 
3 .ns.t.ea j^^^^^ 3tud>.in. dissociation 

: , terailv so that the sa.pie How is no longer 

comprises shifting the sample no. latcralh . ^^^^^^^^ 

in eontact with the sensitized sensing area, and deterrr^mm^. 

„„^i..,. from the sensitized sensing area. _ . _ 

aiiai; '•■ . ,,,,;ripc T sensor oeviec 

Still another aspect of the invention provides a 

,5 entering .he flow cell Uuough .he respeove in.e, open.ngs ean > 
13 enienugiu ■„„ c:nrface In one embodiment ot tne 

tough ti,e flo» cell and con.ac. the sensmg surface, n 

sensor ^evlee, the flow ce« has two ,n,e. °P™"^- , 

f.u V flow cell tYPe(/e., having two inlets and a smgieou , 

°""'"t : , t 2 . has ..ee ... openrngs an. a. .eas. one 

,„ „.er e— ^^^^ ^^^^ ^ 

20 outlet opening to estabusn mr u.vine three inlets and a 

through the flow cell, and is of the ^ flow cell type having 

single outlet). , ..ii k of the two-dimensional 

In still another embodiment, the flow cell is ot the tw 

,,.0„e.ar,a„.o.„eha»o— ^^^^ 
25 and a. least one first outlet, and ,n an angula 

.et^veen the. (usual, transverse,,, at ^ ^ " ':„1,„,.„„, „ 
.econd oufle,, A represen.attve flow cell oh. ■ _ ^^^^^^^ 

cell. Another variant of a ,w„-d,mcns,o„al flow cc . 

,0 n.. dimensions. The sens.ng surface ma, have at least two adjacent sens.ng 
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in ,he flu. c„.cu„n ,„ .Ik „ a,, p.n.u.,, a, K,« sens., .a. 

one refeanc. Pa.n.K . . Ic., s.nsn,, c.p*,c,„ 

spccil'ically interacting with an analytc 

Y=, another aspect of the tnventton provides a sensor system. 
3 eontprtstn, a Ho. cei, having an „„et end and an onttet end: at ,eas. one senstng 
area on a sens.ng surface withtn the flow eel, betevecn the tnlct and on et ends. 

e flo. ecu having at ieast two ,n,et open.ngs at the in,c. end, and at least on 
ott, opening at the ot,t,et end; nteans for applying ia.inar flutd Oows through 
: ,l..lg such that the ,a.,nar fluid nows pass side by side through the 
„ r^Ue^r t^e sensing surface; nteans for varytng the relative flow rates o.the 
Irnar flows of Hutds to .a. the respective lateral extens.ons of the la.tnar 
„„„.s over the scnstng surface contatning the sensing area or areas; and, 
detectton means for detecting tnteraetton events at the senstng area or areas. 

These and other aspects of thts inventton wtU be evtden, upon 
,3 „ ,0 the attached drawtngs and the fol,o»ing detatled des.ip.,orn 
Furthenrtore certain references have been cited herein for the purpose of clartty 
" leteness. Such references are each incorporated heretn by reference ,n 

their entirety. 

BRIEF DESCRIPTION OF TOE DRAWINGS 

Figure lA (prior art) depicts the chamrels and valves tn an IFC 
y,e„ed from above, while the .user, shows a side view of how the flow cells a„ 
fonared by presstng the sensor chip against the IFC. F.^re IB Ipnor « 
,l,„.ra,es sample flow through three of four flow cells (the empty and filled 
circles represent open and closed valves, respecnvely). 
^3 Figures 2A and 2B illustrate a Y flow cell with two lamtnar flows 

(nnc buffer flow and one sample flow). 

Ftgnre 3A illustrates the sample interface posttioned adjacent the 
sensing area. wWle Figure 3B shows the sample fluid covenng the senstng area 
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I,„urc 4A aiuslrates a Y Ou. cell hav.ng uvo scns.nu areas wuh 
,.,nple tloJuunallv ad,accnt to both sen.nu areas. .h,le Heave 4H shows 
Z ,n,edaee displaced such that the sample tlo.v contacts one of the sens.n, 

Figures 5A and 5B illustrate a representative 4' flow cell hav.ng 

two buffer flow inlets and one sample flow inlet. 

i-i-iA -,^,1 ;n thp Y tinw cell over contact time, i. 
Figure 6 represents dittusion in the \ now 

„,.a. f . .he fl^w r..e. L is .he length of ,he flow cell, and A ,s .he cross secon 

Figure 7A depicts the concentration of the sample at different 

c fU. V flow cell while Figure 7B shows the 
contact times m a cross section of the \ flow cell. g 

concentration of the sample at different contact times m a cross section of the 

Figure 8 illustrates formation of a gradient in the Y flow cell by 

. u ^ 1. .nrl hnffer flow rate during sensitization of the sensing 
15 changing the sample and butter now id 

Figure 9 illustrates a Y flow cell having two discrete sensing areas. 
Figure 10 illustrates a T flow cell having three discrete sensmg 
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areas. 
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Figure 11 A illustrates a representative tvvo-dimensional (2D) ^ 
flow cell, with Figure 1 IB depicting a cross-section thereof. 

Figures 12A through 12E illustrate generation of sensitized rows 
on the sensing surface, and an overlapping sensing area. 

■ Figures 13A through BE illustrate generation of a sensitized 

matrix ofthe present invention. 

Figure 14A illustrates a flow cell having two sensitized areas and 
one non-sensifzed area, with sample flow contacung all three areas. Figure 14B 
niustrates an alten^ative embodiment having two sensitized areas and one non- 
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scnsuizc 



zed area. vv>th sample tlow co.Uacun. one scnsU.cd area and d.c non- 



sensitized area. 

I-igure 1.^ depicts a representative Y flow eel!. 
Figure 16 illustrates a representative one-dintensional ( 1 D) 11cm 

pieure 17A illustrates the diffusion width of the ID now eell as 
measured at 2 and 10 fron. the inlet for different How rates 
different eontaet t.n.es). and Figure 17B graphs the diffusion width versus the 

' ■" ' H„„ 18 graphs diffusion widths of d.fferen. prolems and 
molecules at different flow rates and a, different concentrat.oo lim.ts 

Fi^rc 19 ,s a sehemat.c cross sectton of a >V cell with tlte relat.ve 
sample concentration on the y-ax,s and fength on the .-ax,s, pe,.endic„lar to the 
flow d,rect,o„ (the posittoning width ,s the width where the sample concent 
is >99 9%, and the separation width is where the sample concentratton ts <0. /.)- 

Figure 20A. 20B, 20C and 20D iUustrafe use of a T flow cell for 

Figures 21A and 21B represent the part of the sensorgrams that 
show the rise ^d fal, times, respectively, for different flow cells, and F.gure 
20 21C shows a plot of rise time versus sampfe flow. ^ „„ 

Ftgure 22 presents a comparison of the hqutd exchange rate 
constants for representative Y. IFC3 and IFC4 flow cells. 

Figures 23A through 23F illustrates sensitizat.on at two discrete 
senstng areas, and selective analysts of anal^es specific to such discrete sensmg 
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DETAILED DESCRIPTION OF THE INVENTION 

As mentioned above, this invention is generally directed to the 
control of a fluid flow over a sensing surface using laminar flow techniques to 
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-.mnle tloxN" or ■•sample'- ) into contact 
„„„, n„u, ,cicrr.O u, h.cn a. .a„.p.. U ^ ^ ^ ^^^^^^^^ 

,„ prcpa.,,..,, . ,cn.,. s„Haces and ,„ an.u, - _ 
..,a.a ,h.eu, ,n »n.c« „. P^P--^ " --„., 
,„.„a „,ay a.o.a,ca a ..... a.ea .. . . ^ ^^^^ 

f .1 to herein as "sensitizauon ) b> seiccLixci^, 
(referred to herein u:. , -nma the li^and under 

.1 _ /^tiiiv III Lilii nil— --'■^ 

" Trr.::!i..e ..m. a.e 

, -io. . .hoa. su* as p.ezo=,ec.ric. op.ica,, op.,ca. 

!::r :::::: ;^ - r::::- « 

^^^^^ - - 

,5 .egard ,o optical de.ec.on me.hods, r p ^^^^^^^ 

ae.ec. mass surface co„c=„.rauo. such as -n o ^^^^^ 

both ,n.emal and external rcflecon methods, angle, 

^solved for example ell.psome.r>^ and evanescent wave ' 

„ surface plasmon ^^^^X^^- 

evanescent wave elhpsoraetry, scatterea 

„ pv,nescent wave-based imaging, such as crit.cai s 
wave gu.de sensors, evanescent . 

„s„lved imaging, Brewster angle resolved tmag.ng ^^^^^^ 
3na the li.e Punhcr. photometnc methods ^^^^ ^ ^ as well as 
, nuorescence .TIRP) and phosphorescence ma, ^^^^ ^^^^ 

wuWr the nresent invention is nereiuaxi^ 
waveguide interferometers ^.h.le t ^^^^^^.^^^ ,^ 

■ th-^ -nntext of SPR spectroscopy, It shouia oe uuu 

in the uoniexi oi i .^rVminiie wherein a 

Rnthf-r anv instrumentation or technique 
not limited m this manner. Rather. an> 

30 lar^inar flow conditions may benefit from this invenuon. 
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i I , . thr ircscnt invciuuHi mvohcs coiitactiiii: 1! 

ne or more discrete sensing areas on a scnsini! surtaee under 
sample xvilh one or more . ^ ^^^^^^ ^^^^^ ^^^^^^ 

l,nimar How eond.tions wUhm a flow eell. A. 

now ■ corresponds .0 a Reynolds nnm.er .e.ow 2000. and P^;^-^'>;^-^^^ 
•n.e Reynolds number (Re) >s used to deser.he the eharaeter ol a hqu>d flow 
the senstn. surface, and may be expressed by the tbllowtng Equatton (1): 



ydp (1) 

Li 



V . ,he avc._« linear flow - i-^^ -ia™,=r of .he ^ 

p i. .he densnv of .Ke fluid (kg/m3, and p is .he absolute v,scos,.v of . e flu^ 

, , ' , h -V eomex, of a flow cell having a rec.angular cross secuon, .he p,pe 
,0 (Ns,„,-,. m .h. come. ^p^. _ ^^j^,^^ 

d.ameteris more appropriately replacea^^nn . „f ,he 

„ ,ive„ hy four .i.es ,he cross seciona. area d.vded by .he per,«.er of . 

Z cell , e Dh - ^""O^'O " '"^ * ' 

: of .h! now ce,l, Thus, .he « nu.ber of a flow eel, av.ng 

^ov n.nre accurately be represented by Equation (2). 
1 5 a rectan gular cross section may more accuraieiy v 



VDi.p (2 ) 



U should be no,ed .ha. Equa.i„n (2) assumes .ha. .he sensing 
.rface is ideally smoo.h and „,.h a cu..a.ure ,ha. can be -^"-''^ J^^-^^^ 
,.egu.ari.ies, pronounced cu^arure of .he surface or sharp bends w,.h n ,h flow 
,0 cell may lead .o forma.ion of local .urbuience and should be avo.ded. Furrher, 
Jflow w,.hin .he flow cell is bes. achieved a. some d.s.nce f— 
of .he fluid ,n.„ ,he flow cell. To .his end. Weber and P™dy j 
,„„:5:,1, 1978, have proposed .he following Equa.ion (3) for ensuring laminar 
flow al a diaance from a flow cell en.rance (LeC 

Le»0.05ReDh 

25 ^ 
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n,o,ui,«,c.l in ihc b»ck,.ou,Hl .ccuun above, .he r,sc and lall 

c„„c.„,ra„n„ ,o r.o f,„m 0". .o 100% over .h= .ens,,,, surface, and .hen laH 
Haek ,„ or.) hn„,s .he ab.H,, .o resolve fas, reaehon Une.ics. A. .he beg.nn.n, 
. ,„,a end of sa,np,e ,n.rod,.c.,o,r. .he sample is d.ln.ed by d,spcrs,„n vv,.h .he 
earrier soh..,on (,■ ,.,. buffer,, Thns, ra.her ,ha„ ,ns,a„,aneons r,se and fali .nnes, 
,he,= ,s scne ,inrc ,a. d„e .0 d.spers.on of .he sample, Sueh dispersion ean, as a 
r,« approxi.a,io„. be described by a t.rs. order kine.,e process aceord.ng .0 



i:.,..,(C-C)orf.*„„<-*,.,Q, m 

where is .he liquid exchange ra.e cons.an,, C„ is ,he concen.ra.ion of fhe 
sample and C is .he co„een.ra.,on of Che sample a. .he sensing surface. 

In the BIAcore instmmenr, the concentration of the sample at 
sensing surface, C, is dontmated by the d.spers.on in the flow cell, Mnl.tply.ng 
.5 Equation (4, w.tb .he .n.egra.ion tac.or c'- and in,eg«.ing the same g.ves 
following Equation (5): 



C = &(l-e-'-') 



This equatton approximately describes the rise of.be sample eoncentra.ton at the 
sensing surface during a liquid exchange. The ,ime requ.red by .he l.,u, 
,0 exchange may, for example, he def.ned as .he .ime to reach 99% of .he Hnal 
value. Using Equation (5), rise time may .hus be expressed by Equa.ion (6): 

4.6 . 

0.99 = ^ =(1-""-') ^ '-"^""^^ ^ 

Thus ,f the r>se ume to 99% is known, the Uquid exchange rate constant, k,,^ 
can be calculated from Equat.on (6). S.mUarly, the f,rst order equation for the 
25 liquid exchange during the fall is described by Equation (7): 



rCT/SK^9/00063 



WO 99/36766 



1^ 



( / ) 



• . .1 . n,,,,^,..i:.,,,M()n (8) tortile turn' It Uk^^^ T'oc^ thc 

■hich 21VCS the lollowinu i-quLUiUw \ ( ) 



w 

plateau value 



1^ (8) 



iqxo o: 



To obtam an expcnmental rclauonsh.p between rise nme (or fall 

t,n.e) and flow rate, the r.e tmte to 99% of the steady state concentration (or fall 

^^«,r^U fin\\' nrcnrfiin£z to 
time to 0.01%) can be measurea and pu'uwu u.^ ---'-r - 

Equation (9): 



V,-60 (Q^ 



10 w-here co.esponds to the volume of sample (pi) that must be displaced durtng 
an exchange of fluid. In Equation (9), sample flow is expressed as a sample 
volume per unit ttme (pl/min), and the rise ttme is measured tn seconds (hence 
the presence of the 60 sec/mm conversion). Experimental results for 
representattve flow cells of this invention are presented in Example 4. B> 

15 determinmg from experimental data, Equation (9) may be used to calculate 

rise times for different sample flows. 

Further, Equation (9) may also be used to obtam an expression for 
the time to rise to 99% of the origir^al concentration. Combining Equations (6) 
and (9) the liquid exchange rate constant may be expressed as Equation (10): 



20 '^^r^ 



(10) 



V -60 



V Sample flow; 



Under appropriate co„d,.ior,s, ,his cua.ion mav be used ,0 calcobre rl-e l.qurd 
exchange r.>e cons.an. for different flow cells The larger Klc,x- faster the 
reactton kinetics ,ha, can be measured, A conrpartson of liquid exchange rates ,s 



l>rT/SE99/00063 



WO 99/36766 



of this .nvcnlion. ^, 

\Vi,l, regurd ... suHablo llou coll. lor u.. l!> P 

,„,.,.„„„„ .ch flow cel. may as.u.c a n„„,K. of fonn. .l,e o. ... 

1 • , .u,. ^r^aptice of this invention. 

' , , flo.v cell of lh:s invention has nvo inlets and 

In one embodiment, a now lch 

miets and travel throa.h tn, ^^.^^ 

1 ^1^+ A cpn<; HP surface IS iocaieu diULig ci t 
conditions, exilmg the outlet A sensing 

f .u n„,„ re» such that at least one of the liquio streai 
the tnterior volume of the ^o^v cell ,„b„d,mem is 

,5 contacts the sensing surface. A reprcscntatrve ° * , 

depicted in Figures 2A and 2B, and is referred to herern as a Y flow e ^ 

Referring to Figure 2A, a cross-secttonal vtew of Y flow cell 

. ■ , ! ™s 9,0 and 220 and outlet end 250. The flow cell has 
ill„strated,hav,ng.nletarms210and2.t) a , fl„id (such as a 

interior length width w and height (not shown). A « « 
,„ .ufferl, depicted hy arrow 230, enters flow eel, 200 v,a ,n e , a <i 
„u.d isuch as a sanrple), dep.c.ed ^^^Z:^^ ^'- 

::T;r it^ri" — such th. 

fluids travel length / of the How 

interface 290 separates ftrst flmd 230 from second flurd , wt.h 
,5 exttrn, outlet end 250 of the flow cell as deptcted h, a.ovv 70^ 

An tsometric view of a representat.vc Y flow ce 

, „s ,„,1 925 respectively, and havinf a common outlet 2.x A 
contarningtnlets 215 and 22 = , respect, ) ,,,, v,a inlet 915. whtle a 

Rntprc; the flow ceil via initi ^i^, 
first fluid, represented by arrow 265 enters the 

. u „ oT^ enters the flow cell via inlet i" 
30 second fluid, represented by arrow 275 enters 



I>CT/SE^9/0OU63 



WO 99/3 6" tS 6 



„,ung o.*, 255 dcp.ccj arnnv 285. 

.\; tlic nvo fluids travel through thi tlo« 
, f>ur=s 2A and 2B, at leas, cue of the lltuds coures ■„ contact .ith a d.cre.o 
■ area a,„„. a waH port.ou wuh.u the ,„ter,or vohtntc oCthc flo„ ce.h 

.laciou hen^ecu the flu.d and the .u.u, area uray tuvoKe a va^ >■ f 

r^e^.Pr detail below. Such mteracuons may be 

,n,eract,ou., » d... - - 

,0 detected by sensing .eehniqr.es kno»„ to .hose sktlled ,n .h 

seus,n» area from the "hack side" - that ,s. from the opposUe s,de of Ire sen rn 

. . , ^ „„ij Ai.emativet^ . such interactions nay be detected by 
area in contact wtm tne fluid. Altem.tive, - 

se„s,„g techniques which probe the sensing area from .he "front stde ■ ,ha rs^ 
.ie Side Of .he sens.ng area ,u cou.ac. ™.h .he flu.d. Such de.ee.tug rn y b 
, , aone a, Are same .ime .ha, .he flu.d ,s in con.act with .he sens.n, area » a cm 
subsequen. .ime, and may be done while .he sensing area ,s assocta.ed wt.h 

flow cell or separate .herefrom. ,„„,iH.,he 

By employing a. leas. .«o lamtnar flows, i. ts posstble .0 gutde 
fluids wi.hin .he flow cell in a con.rolled ma^er, .hus bringing ,he firs. flu. 
,0 (such as a sample) in selective co„«c. w,.h a sensing area w..hm .he flow ce 
or example, Fi^re 3A dep.cs ffow cell 300 which is similar .0 . e flow <. 
200 of F.gure 2A, bu. having sensing area 320 loca.ed approx,ma.ely along he 
cemer-lin of .he flow cell. In .his embodtmem, movement or dtsplacemen. of 
,e ,n.erface may be used .o br,ng .he sample flow in.o cou.ac. wi.h .he seus.^ 
.ea. More specifically, a sample flow trepresen.ed by arrow 3, , a u«er 
flow (represented by a^ow 340, enter the flow cell, .ravel .he le„g.h of he flow 
ell und r lamtnar flow condi.tons, and e.t the flow cell as represented by arrow 

po. purpose of illustration, sample flow 350 is shaded. The How rates 
L sampl aid buffer flows are selected such that tn.erface 380 ,s a, a pos.tto 
30 ! 1 n . c flow cell such .ha. .he sanrple flow is no, ,n con.ac. w,.h sens.ng area 
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IS 



, , , bufYc^ tlcw rates arc tlicn adjusted to displace uUerlaee 
3^0 I hc sample ^'"J ^" " , n,,,, 

. . r ■ ^.^1 as shcnvn in Ixiurc 3B. thus bnnentg sample flcns 
380 tc, position interlace .^81 as shoun m , 

,,,, ,„.„ co„,ao. ..„.n, no. .„ ..i. c,„boa,„,™,. 0,. n. 

,.cusse„ above. I,™.ed on., .y ,.,c „K.vc„.„, o, , » ,„ . U 

^ u a t th,- crqmnle Wow IS in contact witn tnt 

Ficure 3A), to a second position such that the sample 

' ■ , r . .XI of Fiaure 3B). The volume of sample required to 

sensing area {see interface 381 ot 1 i.ure a) 

,„ " ;:::.e. aspec, of .h. e..o.n,e„, .o,„p>e se„s,„. a.a. .av 

,e ™,p,„yed .i.hi„ flo» ce„, A. iH.s.a.ed ,„ 4A, flow ce.HOO has 

aL. 420 .na 430, w..h sa.p. n„w (.he .hade, fl.d .cp.c.ed hy a.o 
TsT^ffer flow ,dep,e,ea hy a.o„ 463), a„. .o.erface 470 soeh ,ha. .he sa.p, 
,1 in eo„.ac. ™,h ei.he. of se„s.ns areas 4Z0 o. 430. The Ho. ,a es 
, . lp>e ana h.ffer are .hen a.us.ea .0 hring sample How 455 .n.o con.ac. w„ 
: , area 430 by ^ove.en. of in.erfaee 4,0 in F.ure 4A .0 a oca^. 

■ 420 and 430 as represen.ed in Figure 4B as .n.erface 47 1 , 

beween sensing areas 420 and iiu, as i f 

The aavan.a»cs of nrov.ng .he .n.erfaee in .his manr,er are as d.senssed above 
referenee .0 H^ures 3 A and 3B. In addir.on, sensing area 420 in con.ac. vv. h .he 
,0 Itlnow ca^ be used for a var.e.y of purposes as discussed beio., .nciud.ng 

use as an internal reference. jisdosed 

in another embodimen. of .his inven.ion, a flow cell .s d.sclose 

hav,ng .ore .ban uvo in,=.. Representa.ive of .his e.bod.nren. is a fl» C.H 

bav,„g .hree in,e.s as shown in F.gure 5A. aiso refe.ed .0 here.n . J ovv 

. '^A samole flow (depicted by arrow 535) enters T 
25 ceir. Referring to Figure 5A, sample now ^ f enters 

n„w ce„ 500 by .iddie .„,e. 53 , . A flrs. flow , as dep.c.e y a.ow n rs 
^ now cel. 500 v,a in,c. 52,. and a second flow (aepic.ed by ^ 

,4, . AH .hree flows .ravei .hrough .he flow ee„. side-hy-s.de and n 
,3„,„ar flow, and e.i. .he flow ce„ as represen.ed by a.ovv 56. Ag. 
30 purpose of .ilus.rauon. .iddie Oow 535 and f,rs. flow 525 have been shaded. 
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■ r . SSd ..nd SSO arc present between tl>e nuddle tlcuv (c.v. . 
'Ihus two interlaces ^M) dna ^r-- ) 

e no. ..cs . ... no... ho* .... P0.„o„ „. . ... c 

n! „.a. .eiecvelv c„,„.o„ed Fo. cx,„,p.c, "< 

„o.v n,. ,0... ...e ,o„ . s,.e ... .-e o. c. 

Thus, interfaces ^r^O and or t igurt 
resnectivelv, as shown in Figure 5B. 

' „.v „„ea. now ra,es, .he flow .hrough bo.h -he Y and T flo» 

ee,. is >an..;a„. .he.e 1. no ae.ive .ix,„, of .he fluid s..ean.s, in ,hc co„.e« 
„, V flow ce„, .he ,.o fluid, pass .h.o.,* .he flow ce„ a. a eo.. 0 o 
and .he posi.ion of .he .n.erface ,s de.e^.ned by .he » = 

T„e fo.,ow,n. Equa,i„n (1 .) describes ,he si.ua.ion in a ,h,n layer flo. - 
a now cefl with a rec.angular eross-section and ™..h 



First Flow 



15 



Interface - vv ^.^^^ Flow + Second Flow 



(H) 



20 



„ is .he w,d.h of .he flow ce„ and is .he heigh, of .he flow cefl. Th- 
bv va..ng .he f.rs. and seeond flow ra.es, ,he .n.erfaee may be moved across 

"*""«!:spec..o.he.«owce,,,,oca.ionof.he.o.„.erfaees under 

,3.,„ar flow eo„d..io„s (..., ••.n.erfaee and •■.n.erfaee n rr.y be — 
i„ ,he flow ee,. by varying .be flrs, and seeond flow ra.es ( °™ 
1„, ..seeond Buffer F,oW) and sample flow ra.e .■Sampie Flow ) as 

approximated by Equations (12a) and (12b). 



FirstMciFlow + Sa^^ 

IntP-fi'-p 1 = W ■ ~ — 7^- c ' P-'fior f!rr,\' + Sample f'lo^^ 

lnleiia.^e 1 pirsi Buffer Flow + Sccoim I'^JJ^'^ ■ 



(12a) 



Second Buffer Flow 



25 



Interlace 2 = w ■ -J^uffcr Flow + S^^^ZiM^^ow + Sary^ple Flo^^ 



- (12b) 
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10 



15 



A mere precise ealculaiuMi 

;tK fVi,' pxnression tor uie veiuwn-. 
„r,h(' 'ibove equations with the expresM 
requires correction oi the above q 

ve,oc„y i. ... ™^ „„„ , ,e .e„.=. or 

.-^ ^ 4- ^ r\ 1 Tilt I ~ • 

flow has ..o« - - ■ f TWS B 

,„„.,W „c.op>. ..ore .h.n 5% 0. . e a » . 

- """'7 :: r :: l . .0.. 0.,. 

flow rate in the middle. The .am. % ciui 

separate flow «..g. , a buffer) requir fl„„s. o.herw«=. "i^^'"" 

..erfere »«. .he ^■-■^ „„ „su>.. Since .fft.«„ 

a,s.i„c. flows, a ■ 3,,,, buffer *ou. 

is a ,ime-depe„den. process. ,he 1, ea ^^^^ ^ 

flow cell can be viewed ^^e 

4- „t ,.PrnUel to the interface is negiigio"^ 
concentration gradient parallel to t ^^^^^ 

• J 11c in the flow cell IS consiani, ui'- 
— ^' f : T e c„.ac. . ..e ..erface >s .be sa.e 

" ^TI f^r le w .0 .ransfer a .o.ec* .>,ro„,b .be flow ce„ a. a 

as the time it takes for the tiow ^ ^^.e contact time 

eertam linear How rate as illustrated "^tl actional area of the 

,ec.), f IS the total volume flow rate (m3/sec , A is tec ^^^^^^^^ 

(.2.ec). Thus, contact tin.e ca e P ^^^^^ 
30 divided by the linear flow rate, and the avcra^.c 



20 



OS 
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1 t . the erciv area corresponds 

,,,,,, „.5,,%. .Hi .he Ugh. .r.y»«c„r,.spo,KMu, (1-0 . 

concentration. function of the distance and 

The exnression for concentrat.on as a luncl.on 

. , whr-h has the solution of liquation (b) 
,,,e IS derived fro. F.cR-s second la... h.hh 

,onhe one-din.ensional diffusion encountered .nh a ^ no. ce . 



(13) 



V 



10 



. n'Us .he expression for oo„ce„.ra,.or, as a tacon ol 
,„ sho«, E,ua..on ,1.) .3 .he e P ^^^^^^^^ 

a,s.anc= a.d .ime. .here x ^^^^ ^ „e con.ex.of.he «ow cel., 

Equation (14): 



/ jt - Interface 1 



! 




(14) 



15 



20 



r.nhical representations of Equations (13) and (14), 
Pi^res 7A and 7B are a g.a h J ^^^^^^ ^ ^^^^ 

respectively, for different contact tin.es, .h ^^^^^ ^^^^^^^^^^.^^ 

the interface as discussed above, and the v-axis 

(ranging from 0 to 100%). representative flow cells of this 

^" r: : re tp! e of controlling lantinar Ho. within the 
.vention are disclosed which are c^aM ^^^^ ^^^^ 

now cell, panicular, with respec o sample ^^^^^ ^^^^ ^^^^ ^^^^ ^^^^ 
cells have a variet,^ ot uses. . ^ ^-^^^ ^^^^ ^_ ^^^^ 
selectively contact a sample with ^ ^^.^^^ ^^.^^ 
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: n,uU,p,. «ns,„, are. ,„a. .e employed, .u, - 
, ;:;:,>. ^..0.... ...a^a <„■ ...... a... o.,. co,K„. 

a„„.c, aspec sa.p.e «o. .o„,a,. a H.an. .MC, ,s .cd 

IT .11 Ac iKpd hercin/'sensitize 

means any process or aetrvalmn of the sensm.- 

, „„„ ,,„b,e of specifrcallv in.eraetrng >vith a oesirea 
,0 resulrs in the sensing area bemg capable 01 sp ' area ' 

analyre^ The resul„„B surface is referred ,o here.n as a scnsrnzcd . 

""^^"*'tTse. herern, .he le^rs ..... an. are ro be 

. wide varietv of interactions. For example, 

" .r>o Lpre enralive liga„.s ,n fh.s con.e. include, 

ana yte-specific ligand mereio. r r^nresentative 

, ■ , J ,„ the foUowine I in the following Irst, a represeniar 
b„, arc not hmrted to, the followrng , 

bindrng partner is parenthetically ,dent,ned) J ^„^„„,,, 

antrbody (ant.gen), ho^one (ho^one receptor,, ^^^^^ 
,0 polynucleotide (co.plethentary polynucleottde,, avrdtn (b.otrn)^ b 

Lzyr^e ,en.ymc substrate or inhibitor,, enzyme substrate or "^'^ ^^^^ 

(.ect. earbo.yhydrate,, ^p-' 

merr^brane-assocated protein (lipid), poiy 
. protein,, and polynucleot.de b.ndrng prote.n .po ynucleo a ^ 

:rc::::::c^^^^^^^^^^^ »-.^ — - - 

proteins or nucleic acids. 
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rompoiiiA <«Kskillalmi „,„,hw include a «k1c range ol 

.e c„..,po„d„. a„aK,c p.sen, ,n .He c « ^^^^ ^^^^^^ 

as ,„,s .en„ ■■. -^^ „„„.,„vale„. forces, such as 

include, bu, are no. l,m,.ed .0, covalcu. . _ 
clearoslat.c, Irydrophobieuy. dispers.on, yan dcr Waals hy 
forces, or any combination of .he same 

As noted above, the local.on of the sample 
e.l, as well as the .vidth of the sample flow, may be controlled in the pract.c of 
ecu, as » 1. th „f 3 ,i,3„a i„ a narrow row »,th,n 

,he ,nvcn„on. Th.s perm.ts .m 

,he flow cell. For example, a ^ » ^„ . j„,„,„,,i„„ 

selectively dhecting sample flow over the senstng 

. u , This asoecl of the invention is illustrated in rigu 
of the lieand thereon. Ihis aspect ^ 

therein Y How cell 800 contains sensmg areas 820 830 84 
„„„ (depicted by arrow SaS, and buffer flow e^ ^ - )^ 

i„,r„duced ,0.0 the flow cell, and flow ^"^y^"^^^^^ „„„ , 
exiting the flow cell as represented by arrow 885. Initially, samp 
: Jtaet with sensin. area 8.0. yvith .nterface ^ -J 

- T r. r ::::::::: — - 

buffer flows are then adjusted to bring the samp 

. r s^^ now located between sensing areas 830 and 

area 830, with ^ 3,„„„, ,reas 840 and 850, 

This is then repeated to bring interface ^^^^^ ^^^^^^ 

y^n c;prvinp as a control, inc icu^ui 
„„ws over sensing areas 820. 830 and . ^^^^^ ^^^^ 

r -^^r^Kiliypd 1 eand bound to tne suud^.^^ 
30 amount of immobiuzea n^an 
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.... ,„ ... ^ , ... .... . 

,„ „„ ,l.em»uve embodimcn.. a Y ^o^^ m, . 
scnsUize discrete sensing areas u«hd,tl„»,lu ^ 

Qil mav be sensitized with Qineici 
sensing areas 910 and 911 ma> . rdenicted by arrow 920) 

, n „^^.,,;..ino a first liRand (depiciea u> a 
introducing a tirst samp., ^ .^^^^ 

- Z^' Z ZL^ *e nrs. ,.and. 

Second flow 930 may, m uu in which case 

..bod,.e., be a seeond sanrp.e Oow — = ga^_^^ ^^^^ 

- r :::::: :;: rj;;^^^ second > 

,3 ° ,„,3e,uen.,v replaced wirb rbe second 

buffer flow, tire buffer flow may ^^^^^^ 

-^P>e n Led witl, tbe ftrst Itgand. ,n 

subsequent ,n trme to sensrng area 91 1 berng ^ ^^^^^ 

.H,s enrbodinrent, the frrs, sample flo» may renratn, or be substt, 

" '"'""""^ .n .be context of a flow eel,, arrtber sensi,i.ation p=— 

■He For example, two or more sensing areas may be sensrtrzed wUh ,b 

are possible, t- or exannpic, .u. cnmnle flow containing 

,,™e or different bgands by selectively pos.t.ontn *e a.p. ^^^^ 

1 in ..11 Thus in one embodiment, mrec ^^ & 
„e irgand wtthin tbe flow cell, Thu . m ^ ^^^^^^ ^„ 

• 25 „,ay be sensitized with the same or different h an 

inn <;amnle flow (depicted by arrow lUiu an 
Referring to Hgure 10, a sample fl ^^^^ 

purpose of illustration) contatmng a first hgand ^^^^^ 

etween a first and a second flow tdepteted b a.ow , 

.rp^i 1S^'>0 is sensitized witn mc 
„speet,vely) such that sens,ng area 18- 

30 sensing areas 1021 and 1022 may then be senstttzed y 
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' ,e sc„.„, s.face .he Oo. . son. an*, .pica,, pc.pe*.a V 

.„ . f,« san,p,e flo., thereb, .eneraun, overlapping sens., a. s^^ T^^ 
e.bodtae„, is generally referred ,o Irere.n as a rw«-a,n,e„s,o„a, or D fU^. 
„ „r .„.H flow cells .n .h= praerice of thrs .nvem.on perm.ts 

,0 Is„iI^,o„"ofI.erlapp,ng sens.ng areas >™hin a flow cell A represenra.ivc 
; „w eel, of this invenflon is il.ns.ra.ea ,n Hgure I lA. T.S figure represen 
Z co..in.flo„ of ,wo . flow cells ,a . flow ceir,, sue. fha. *e san, 
flows are a. right angles .0 each o.her. While Figare IIA dep.crs a 2D * flou 

^ . . .V, t n 9n Y flow cell may similarly be employed, or 
cell, it should be understood that a 2D Y flow cell m y nAf/. 3 

,3 , 2D flow cell having more mlets than the six depicted m F.gure 1 A ... 3 
15 a/UTuu nf Y and 4^ flow ce Us havmg 

inlets times 2 ^ flow cells), or any combmat.on of Y and ^ 

any number of mlets. ^^^^^^ ^^^^^^ ^^^2, 

Referring to Figure 11 A, flow ceii i lu. 
„23 ,126 and ,.27, and sample in.e.s 1130 and 1132. A « sample o,v 
' ,nn„asseslhrouEh the flow eel, and exists via oullet 1150. 

20 (depicted by arrow 1131) passes tnroug ,n« can be applied 

SimtlaHy, a second santple flow (depicted by arrow 133 n e P 
sequentially bv passing .hrough the flow cell at an angle relative to the 
::,e n„:, i„ tLs case perpendicuiarly, and exits via outlet 1 1 Locat^ - 
wil of the firs, and second santple flows are controlled in the utanne dtsCosed 
. ,bove with regard to the .-flow ceil, Referrrng to F.gnre 1 IB^ a s,de v.ew 

::rr,rs. and second sample flows to contact sensing surface 1 ,60 ,n the case of 
F,gorellB,llrs.samp,eflow,,3lisdep.cled. 

BV cmployrng a flow eel, of this invention, a w,de var.e, o 



PC:T/SE99/00Q63 



wo 99/36766 



I +■^r^^v Cflmictcci bv arrow 

— , .... ,.a„a ,s 

T ■ i^n A second saniui^- 
as shown in Hgurc UB. A scco i of Figure 12C. lo 

i- 1 oon deoicicd bv arrow 1 ^JU <-^i ' i^"' 
directed across scnsmg surlace 1220 as dep . . 

■ . , - MAO as represented in Figure UD. whicn 
vield sensiuzed area 1240. r P ^ ^.^^.^^^^^ 

sensitized area 1222. This overlapping area is 

Ugands applied sequentially. ^^^^^ .^^^^^^ ^ ^^^^^^^ 

I, ,viil be recognized that sucn set 

■c„^ pvamDle to the extern 
0 ,.,ce pe™,,« a of s=„si.iza.io„ 0P"»- ; , 

„e ..end ,.an. confined .Hh.n second s„c ^^^^^ 

.rea 1260 may be depicted as ,„ F.gure 12E In . 

> ^ ' „ac. «Uh .he .na^obdized .agen. .o 

,e - :t irlee .a. has been se,ec„ve„ .od.ed 

yield an area or spot on the sens ^ ^^^^^^^ 

with an immobtlized bitaclional reagent (. . . 
„,and bond there.. ^^^^^^ ^^^^ 

K n o 1320 and 1330), each confining a d.fferent hgand. 

(dep,c.ed by ,^„w,rzed Ugands are 

senshizedareas 1311, 1321 and .„ . 13B Referring to Fig"" 

generated on sens.ng surface 1350 as shown ,n F g.^ « ^ ^^^^ ^^^^^^ 

,3C, three sample flows d.,c.d ^ ^^^^ ,3,0, ,c,d.„g 

, „ dtfferen, ga*a d,r.^ , .anner, each overlapp.ng 

sensitized a.ea ol sensitized areas 1370 tnrough 

Figure 12D, and may further be represented .s sensitiz 

1378 as shown in Figure 13E. 
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,pp„c.,„n. such a u.,-.„n.,...na, a,..,*, nas.caUy, a„> 

.a, .apu,.c, a, .scrc. ,oca„o,. o„ s...,„ ..ac. 
ecu ™v .e .ca.rc<, . .. c.a.plc, a ....cn.a.ivc ,a.c.acu„ , 

, l,v hvbndization whcrcn ihc malrix may be prepared by ihc 

p , a csi,« la,™.r nu,d flow. . - 
foUocvmg eouplmg proced arcs ,,„„„-eoa,ed surlacc 

Hkriosed above. First. Ihe sensor surtacc (sucn a. , ^ . 

,„,m„b,lized .hereon (such as 
having slreptavidm bound theruo) n . ,,71 and 1331 as 

, ,.,^^...,.^,idesi in defined bands 1311, 1321 and l«i 

. r- nR Such bands are generated by passing sample tlo^^s 
D illustrated in Figure 13B. Such Danos ai g ,0 a with 

. f n^n illustrated inFieure 13A, \Mtn 
nin 1320 and 1330 over sensing surface 13 50 as illustratea . 

' , a different biotinylated oligonucleotide, 

cnmnlp flow containing ^ ui.i^- 
' V le.tides ar'^ then directed across the sensor 

Complementary- DNA oligonucleotides ar. 

mn and n80 m Figure li*-, yieiumg a 
.nrface as illustrated by arrows 1360, 1370 and 13fiu me , • 

„ :l „V immobiUzed comple.Ben.ary D.A oh.onacleo.ide as shown 
C:,3E, Wherein each area (1370 rhrough .37S, represen.s a dr.eren. 

immobilized complementary DNA. ^^^itioned to 

The liquid flow containing the active reagent can be positioned 
width from the whole vvidth of the sensor area to very narrow dimensions. 
.-::i,:i:andreac.,o„cond..ionscanbea.^^^^^^^^^^^^^^ 
■fnn thP reaeents Such situations can be used to protect aciiv 
r: ,.nes are formed be.re ,he second d— reagen. 

chemical syntheses on defined areas on a sensor « ° . 
,5 be used where reagents are difficul, ,o dissolve rn water. rs also p s 
" ,be drtl^sion of substances from organic solvents mto water phases m the 
,„,em m order ,o protect, for example, protetns from ; ; 

■ r Further chemical libraries can be produced by stepwise 

with organic liquids. I urther, cnem .elativelv 

surfaces Complex molecules may be built with relative . 
react bns on sensor surlaces. ^onip. hnildin" 
, u -M- a blocks This invention may also be used for buiidin, 
30 few molecular buildmg blocks, inis m 
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d,frcre.« d™c„s,o„. as we,, as ,ar,cr or sn,a,lc. areas .„r ,he aCvar.o,,. 

defined sequences can be built. _ 

Anomer app„ca,K,n of ,h,s ,nve„.K,„ ,s for s.udy.n. „o. ,„.,r,p,e 

" .„„,„,ecu,ar cor„p,exes are fornred and „o. .hey fe„c„o„ One example .s 
ep„op= .napping of an a„,„en ,o find .he b.nding s„es for a ser.cs o a„.,bod,e 
in relion ,„ each o.her. By .he proeedure deser.hed for .wo d,„re„s.ona 

, r ,..,-,•,.„ areas. eoi.oDe mapping may .hiis be performed. Ih.s ea„, tor 

,„ e.amp.;, be done by d.ree.iy measur.ng .he m.erae„ons for the .on.a.,„n o 
eompLes by .echn.ues sueh as SPR de.ee..„n, or ana,y,s.s of boand ma.er.a, 
after ,he ias. moieeuie has been imrodaeed by ffnorescence. An exemp,^^ 
proeedure is as fo„ows: on a surface eovered with RA^ffe an., o y, d.ffa 
Les are formed in one d.reehoo for a„ ana,yzed anfibod.es d.ree.iy from u,» 
,5 fluid- .be wh„,e surface ,s covered by blocking antibody by one .meracuon , a 
Lvan. a.ihody; .he whoie surface is covered by am.gen .ha. a sorbs .o a , 
hues wi.h immobiiized primary monoclonal anybody; in .he second d.mens.o. 
.he same an.ibodies are tn.rodueed and .he formed complex for .he second 
i„,erac..on for each area is measured; and regenera.ion of .be who e surfaces 
20 performed. Mofhcr sima.ion of a s.mr.a, .ype is when a series of. for exampl , 
prceins for. an ae.ive complex and .be order of adsorb.„g subs.ances ,s er ,c.^ 
Differeu. combina.ions of subs.anee in.roduc.ion can be in.roduced and 
resul.ing reac.ion pattern observed. 

in a further aspect of this invention, sensing surfaces are disclosed 

surfaces mav he used for a wide variety of applications. Tor example, such 
surfaces mav be sens,.i«d w.th a different ligand at each sensitized area. A 
sample mav then be con.ae.cd wi.b all ,be sensit.zed areas and. based on he 
positron of the sensit.zed area on ,he sensing surface, interact.on be.ween b 
30 sample and any given ligand determined. Con.act.ng .he sens.ng surface w..h 
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of the sensing surface \s uu 

^vithin a flow cell of this invention. , 

another aspect of th,s nwent.on, a sample tlo. 
. • over a sensme surface having one or more d.scrett 
.0. ,,,,..on wUh a sample 

.ensmg areas. ,„,,e (as opposed to a 

- techn.ues of thts mvent.on across a 

"^'^^^ u n he sensitized bv the laminar flow technique ot tin. 

,0 senstttzed surface (wh.h can ^ on the 

inventton or other techniques) thereb> 

Th. l.mmar flow techniques described herein acm 

contact with a sensing area. This maj 

.efe.in, to that fi.ie, Y-How ceU 300 has 

33„,e now (the Shaded flni. depicted h, ^^^^^^^^ 

are adiustcd such that interface 380 is at a posiu 
,„ by arrow 340, are adjus . .^^^ ^^„,„^ 

T' : n! . are then adjusted to .nove the interface to 

'".n ; : Shi n isure 3B, thns hrin.nS -pie «ow 350 into contact 

position 381 as shown mi b ^ ^ ^ as 

• o -310 Tn this embodiment, the rise anu la 
with sensitized sensing area 320. In 

r Ib", The volume of sample required ,o move the inlcr.aee from 
area .... Figure 3B h ^„ 

the first to second positions is a i ^^^^ 
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, , ,,,,,.>rc.«-" a volume of about 0.5 ul lor ihc LMAcorc 
distance trom the scnsine area U .. . 

,„ ...placed. = >c„(„ld dec^sc ,n v„,„,™ .*cc, d,c r.c „n. about 
. „„d Snmlar advan.a..s »rc achieved >™h shorter fall ..mes. 
' Sach la. r.e and fall .anes a. of neee.dv when ,.ea.ur,n. fa . 

. ^ r.v thi^ invention mav used to 
reaction k.net.cs. l-or example, the tee.n.ques ol th.s _ 

■ nH rlis.ocialion In one embodiment, an analyte ma> 

studv association and dissociation. ,,i,nlaced 
■ . _ .„.,.,.d ^en.me area. The sample flow may then be displaced 
P^"'" " . . " .,.a and the dissociation rate can be 

,u-reh- a'lovvina for the detection and analysis of association 
sensing area, thereb> a-iov-vm^, 



kinetics. 



,„ ,„„me, e™bod,na=« of ,h,s inven.ion, mal.iple sensing areas 
. be e.plo,ed wi.br„ a srhgle n„« eel, for — .re: 

flow cell 400 has scnsmg areas 420 and 43u, f 

„ . ■ , »rro» 4«l buffer flow (depicted by arrow 465), 
(the shaded nu,d depicted by arro»4„ I, u , ,„i,h either of the 

L interface 470 such that the santple flow is not in contact with either of 
and interface ^ ,„ t„„g 

20 sensing areas. The flow rates ^^^^^^^ 
sample flow 455 into contact with sensing area 430 by movenie 
: a location between sensing areas 420 and 430, as depicted in Figure . 
;„.rface 4,1. The advantages of moving the interface in — J 
discussed above. Further, because the multiple sensing areas are lo .e ■ . 

the two sensing areas are negufciui , 

of sample analysis. f,K. ^.mole How within 

Moreover, the ability to control location of the sample 
,be flow cell m combination with multiple sensing areas, permits a wide range o 
30 Tphltions.' Por example, still referrmg to Hgures and .B, sensmg area 4Z0 
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'Hiiik ^rnsin^' area 420 o\ 
„,v be a non-sen.sit,zcd or scns.uzcd sensing area. I hus. s.nMn.. 

' . , . no. sciisu./cd or blank conUol U r . wUh nu 

4A and 4B n.av he used as a non-s n ^ ^ ^^^^^^^^^ 

surface n.n.obU.zcd Ugand). or a sensU.zcd control . ^ 

. , A blank control can detect non-specit.c binding to the scnsin.. 
bound thereto). A blank conuoi nrovide 

• \ ^vhWc '1 sens t zed control will proMuc 
,,,en (e o to the dextran matrix), while a stnsu 

, , ..ecif.c bindino to both matrix and immobilized hgand. 
information abotit non-specitic bindm^. ..,„w,,cted ouf 

1 this manner bulk effects and non-specific binding can be subtracted ou . 
in this mann r. bu immobilization levels of the hgand 

Such subtraction IS best acmc^ eu 

„ .H. ..nsitized sensing area and sensitized control, fh.s 

are me havri^ ior ~ / ^ ^vhpn the 

,„ anome, e.bod.^cn. of ... .nven„o. ™,.,p,e sensing 
„,.y be en,p>o,ed in . va.ew of .e*ods. For example, as illusua.ed by F.gures 
Z 1 .Ib,- „o» ee„ HOO ™a, Have ,.an. e. — - 

,„as 1440 and 1460, and non-sensi.ized sensing area 1450. 8 

roJlLaLon may be aecomplis.ed us.n. lec.l.es deser.. a^e » 
.he sample flow containing .he ligand over .he sensing surface. Ho.vevcr, 

ar, »„ reeo.,. .ha. se„si..a,io„ -^^^ 
prob,ng with sample flow comainmg analyle. ma, be effectuated b 
her than the laminar flo» .echni,ues herein disclosed. For example, dtsc e 
si.t.d sensing areas may be made by cnrren.ly .own 
.rface modif.eation .echn„„es nsmg mask.ng e.,. ^-^'^l 
sample flow eontaintng an analyte may then be dtrected tn.o the flow ce 

H hv a^ow 1430 such that the sample flow contacts sensing areas 
represented by arrow itJu, sue 

,440 1450 and 1460. In thts manner, non-sens.ttzed senstng area 1450 m 

a control and sensUt.ed senstng areas 1440 and 1460 may have the 
ser\'e as a control, uuu .^^n 

• . 1 thprt^vviih This technique has particular 
c Hifferent li"ands associated thercwitn. ims ^ 

:::„;: .: ::;.: of flu,ds con.a,m„g muhiplc a„a,ytes, such as ana,ys,s ol 
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:ouUi be anah/.cd sm 



lultaiicouslN n.sing thi;- 



0 



15 



body tluidv which analylc. c 
icchniquc. iinw cell 1401) may have 

„ a, J.ca i„.o ..e no. cen sue, .ha. 
,„,Te. flow ,d=p,c.c. by .4.4) ^^^^^ 

,he sample and buffer flow i.,.erface 146, be,^ 

-f-r-i^'ir-d sensine area server 
,450^ ,„ ...a..n.., ^„„,„„ „ , . 

a». ...b se„s,„. a^ - . 
-a 1440 - -P • ; ^„,„,„„, ,,,ace.e„. of.be 

,.ff„ flow, w,.b --"^^^j; „„,ple *c.e.e seo.n, areas can be 

accompbsbed. Therefore, " , „ely displaeing .be sample 

,,„p,e no. may be done "'^^"^^ ,„„„,i.ed „si„. 

flow over the sensing area of interest. 

multiple buffer and sample flows. .^^ ^^^^^^^^ 

The above techniques also allow for the detecti 

. ,e 3^ More specifically, diffosion over the interface 
. .he now eel, (.e Examp e 3, M P ^^^^^^^^^ ^^^^^^ 

'-'-'''''TrZ'^^^^ B. employing a chromato.aph. 
the interface faster than large moi ^^^^^ 

e... «ne or sample — ^^^^^^^^^^^^^ ,,,, _se phase 

ionic exchange chroma.ography) or organ.c so, 

chromaro^aphy) wUl vary, ^is vana,.on pen., s ^ ^ ^ ^^^^^ 

and .n-s..u d.alysis in .he flow cell, .bus avcdmg d..„.,on P - 

samP^^- 1 th^i difficult to solve in a 

1, a fxirther embodiment, an analyte that is 

allowed to difftise into an adjacent wa 
30 the techniques set forth above. 
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, examples are (^Tercel by way 
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limitalion. 
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REl-RESENTATiVE FLOW CELLS 

,e discloses rcpresentatwe flow cells, as well as the use 

This example discloses rc^ , v and 4^ flow 

, ... invention, in particular, different Y and 4> 
thereof in the conlexi ...... -v- 

c.„s are il.u.ra.ed- ^^^^ j,^^, ^,,„„„3 , 

^ „pre e„.a„ e Y fl ^^^^^ ^^^^^^^^^ ^ ^ 

2. and ,h. outlet to flow cnamtel . o. ^^^^^^ 

mT A f^ORF AB, Uppsala, Sweaenj. 
BlMore 1000 systen, (B'ACOK^^ A ^ P^^ ^^^^ ^^^^^^ 

, 3, ,,,p,e flow e„,crs Y flo ee.l ^^^^^ ^ ^^^^ 

.,e Y flow cell f.o« tnle 1 52. Bo^ - ^^^^^^^^ ,„,„ „e flow cell b, 

outlet 1 530. Both sample and buffer 

1 • +v.^ TT^r 4 to allow botn sampic au^ 
cutting an .ddmonal channel ,n the IF ^ , j„ 

through the flow ^ a.lab.e B.Acore flow cells), 

nl „.e , three t.mes the volume of commercally ^^^^^ 

..epresent.Weo. — ^ 

P;,re 1 6, where ^ J ^^''^^^ ,,,„g outlet IMC The . 

flows entering by .nlets 1670 and , 
„„„ eel, is made in PMMA, and employs Pharmacta 5 pumps 
Hamilton syringes for dehver, of fluid flow tothe flow cell. 
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T.is e.an,p,= s„„,n,ar,z=s c,pcr„.c,„s ..eacd ,„ diff.s„,n of flu.. 

. r - . finw cell of l^xample i. /"^^ 

::::;r:;;;::::f : 

, to the interfere between the flows. It this is noi 
,0 n er ^^^^^^^ 

interlace v^'iui Liiv. ^..-^^i- 

o "cmf-nr" of flows will result. 

■ . Hiffi,sion width IS determmed after about 0.. 
In this experiment, dittusion wiuiu 

V \ ■ ,he time takes to transpon a molecule through the flo- cell 
seconds, whtch ,s the t,m tak ^^.^^^ ^^^^ 

of the BIAeore ,ust™me„t at a flo. ra , 

P.^te HA) was ..easuted as ^ a 

measured hy ocular mspecttou J ^^^^^^ ,„„ent 

mieroscope mounted ,o the v,ork pro ess r. j^ensionless 
.ntact times a, the Interface »as ^ed ^^^^ ^^^,^.„„ 
constant fitted for each pH Figure 17B)- Ue exper, 
... then estimated for a.ffereut contact ttmcs 

Table 1 shows the experimental results ana 

TViP tVipnretical values are 
calculated values for the diffusion of protons. The theoretica 

nd^ The dH change required to obtain a color shift 
calculated with Equation (14). The pH ch g 4 , . , _enments, the 

A with a nH meter and ocular inspection. In these exper 
was measured with a pH meter 

• A nH change was 0.4 pH units for phenol red (PR) and u.o p 
required pH change was u p ^„ceived as a color change 

u 1 ut mR^ Since concentration change percei\ ea 
bromophenol blue (BB). Mnce 

.„,,„Om,con.merma,not.e.hc^^^^^^ 

theoretical diffusion width for BB is calculate ^ . ,. • T„ble 1 

1 "riiffiKion of indicator in lao'^ 

changes (,... pH shifts). The column ^'^^"7; ...^.on of 
describes the broadenmg of the color change band due to the 

. . a fluid The errors in the PR and the BB part of Table 
indicator into the acid fluid, ine erro 
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. nil (iittcrcncc bclucen the uvo lluids 

zz'=:::=':''^- 

s.ecp co„.c,«raUo„ pad."' "laKc. „ V „„ „„<,rrec, 

eslimation of the required pH change lor a color .h,ft 

3, ,he eoncenrrarion differenee bcuveen .he .vo flu* decrease. 
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Theoretical 



Error 




1^04 (40% j 2,2 
Glycerol) 

^ _ 



— — 1 "Theoretical 

Experimental 



ffusion 
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u r i. a constant from the fit of to the 

p.otons >nto the .d.cato « b ^^^^^^^^ ^ ^^^^^^^^ , 

0.3 sec. (conespond.ng to the un. ^^^^ 
„, ,0. cell at a fi.. rat . ^^^^^^ ^^^^^^^^^^ 

r: t 2 - .Lon ..dth . coated for 
Huid In the BB part the meouii .,ifr,.„u to 

to the estimated pH cnangt v'^- 
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, , ,,„, ,,,,„,,e could W .c.n,- »n>l -'l'- 

a color change ot the uuhcdtor. 

, ,,eu,a,od ,„ .he column "Indicor d,r.usK.. 

p„ for PR wa. ad,ns.«l , .0 pl u„,. 

1 A 1 units below the pKa. 1 herciorc, 
pH for BB ^vas adj-.=<i O-' PH """^ fo, ,r. The 

, fnr T color change is wrger lor do 
concentration change tor a ^ dUTiculties to 

u Ti fnr thp indicators arises n^^^ 

^^'"^™:r:::'rl..venow a„d .UO. c„lo, BB. 
distinguisn Dciwcvn ^-33 ^.^y not bv. 

-"'-^ aad ™„„ P" *• - „ , denved .eoo^ 

te,.ee„ 1 and 2 pH u„... T = . - - ^^^^ ^^^^^^^ 

:;r:::;:::rr:r--»"- 

« -■■■r::r;rr;::.....»»-;-;-^^^ 

■ well as some small molecules, while lao 
some proteins of various s,ze, as well as s ^ 
,Wes ,he calculated diffcsron wid.h in numbers ^ 

e::p--- - 

.he drffcsion w.d.h he.ween ,he m.erfaee and 0.1 . ^ ^ . .^^^ 

,e,wee„ .he .n.erfaee and 99.9% is J^,',, ^ „„o ,m, ,hen .he 

:T:r':i9 C na.ow hands .n now cells 
,5 separation width is 30 ,m (see g ^^^^ .^^^ 

,..i„, a width of SOO pm .ve • = ' , „„,ed, 

c^>-'=- f« „r n he increased he employ, a shorter 

,„.ever. that the number of hands can ^^^^ ^„ 

.„sin.. area, whtch wtll result m a decrease m .ffi- 
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Table 



Flow 100(nl'niin 




lOK EXCHANGE/ON-LINE DIALYSIS 



The Figure 20 shows how an .on exchange or an on-line d.alysis 
.av be pe.fon.ed e.ploy.g the tec^i.ues of this ,nvention^ ^--^ f 
.0 .B iiilte .n exchange w.h iow .n concen..^^^^^^ .e a^t 

Fibres 20C and 20D demonstrate ion exchange when the 

figures zu^ aiiu different 

- "^t: rrrrr 0.:"^ ..... .b 

now rales; 10 nl/min m F.gures 20A and 2UL, 

,0D. The .stance .enveen .e ...faces is a!, .he 

T7- ooA the flow rate is 10 iil/mm dim 
15 and 20D. Retemng lo ^ ^^^^ 

.■ ■„ il,, «amnle flow decreases to approximatei} 
1 00 nl/min, .he sal. conec„.ra.,on ,n .he sample 

of .he or,ginal c„„cc.,.ra.,o„. and ,V,c pro.on co„ce„,ra.,o 
' approximately 20% of the or.g.na, c„nc„.rat,„„ in the sample, 1 F .ures _0 
and 20D .he adjacen. buffer has a high concentranon of salt and protons. 
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l-!\amplo 4 

Kxcn ANGH KArii> 1 OK Rn>HHSKNTAT. VH TLHW Ci:l,ls 

, , rs% bv wemht) was used to measure the liquid 
A sucrose solution O ^^'-'t" , - i 

, fv,. Y flow cell of Example 1 {see I'lgure IM- and 
exchange rate in the representatisc ^ Ho. ^1 P 

H with a flow cell of a commercially available BlAcore .uuu i 
compared with a tlow ecu ui -loM^ RlAcore 1000 

.,rr flow cell") and from a commercially available BIAcore 
as an IPC . flou ) ^^^^ go 

,0 placemen, of .he valve In .h,s exp«™e„., rcferenc .0 .he 
,FC 4 now cells ,nel„de ihe channels, valves and 60 „1 flow eells. 

The ,ise ume was measnred as >he time 1, lakes to reaeh 99 /c the 
plateat, val. tot dl.eten. flow .ates .hton.h the tested ^J^^^^^. 

against the flow tate and «tt.. ^TZ!^ ^^^^ 

octant V With th s constant it is possioie 
constant Va- witn exchange rate constant for 

exchange rate for different flow rates and the liquid g 

the flow cell, • „ in the Y flow cell was 

A fast liquid exchange during the nse m the Y 

Refore the sample was introduced into the flow cell 
accomplished as follows. Before the samp ^^^^^^ 

only buffer was running through the flow cell. The sample flow 
nd the sample entered the flow cell. The sample flow ^^^^^^^ 

,a. of the flow cell. At the liquid ^^^^^ ^z. 

and the sample flow displaced the buffer and filled up the flow eel 
aone m the same way as the nse. The buffer entered the flow ee l and m e u 

a na.ow part of the flo. cell. The sample flow valve ^^^^^^^ 
now displaced the sample fluid. The time it too. to cover up th ens. 

, „f ih, inierfacc over the sensing area ana ine 
cortesponded to the movement of the tnterlacc 

a,spets,o„ or the tnterface In th,s context, the sens,,, « 
apptox,ma,el> 1,6 .m h, 0.17 mm area located hetwecn tnlet a d o„d 
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,,,,,, 21A and 21U con.parc scnso. ,ran,s to,- ll>c Y. II C 3 
. , no/cc,ls. TO obtau. an cxpennK.nU.l .clatK.n hcuvecn nsc nn. 
" . , QQO' of the slcadv siale concentration was 

^'^^ "^^^ ^'"^^ ; P...C2K:) according to 

n.casured and plotted versus the sample tlo. isec 

' _ . ,,,, ,,ed to calculate the l.qu.d exchange rate 

hquation (10) ui>tu 

n , = To pet a valid estimate of the reaction rates, 
constant tor different now rates, lo get a . , f.^^er kmetics 

, ■» than the on-rate and the off-rate. The larger K^qx th t-te 
"^"^.^ ' . ^esults of this calculation are present m Figure 22 which 

„ :::: :::;;.„ on. .o. ..... ce,. . 

.1 the leneth of the detection area is 10 
I ^v, nf the sensing area and the lengm oi in 

out over the length of the sensing Hi.nl.ced over the sensing 

„.e. .he wid,h. in .he Y flow cefl .he .n.e. ace ^ P J ^^^^ 
„ a.ea ■„ a d..ec.,o„ p.a»e. .0 0,e wi..h of ,he flow ce„ ^^^^^ 
™,, Th., .he a...ce .h., .He .h.e..ce 

u TPr ^ or IFC 4 flow cells. This movement transverse 
the IPC 3 or IFC ^ ^^.^^ ^hy the 

combined with the small dispersion m the Y tl 

exchan^ge of fMds can be done much faster in the Y fl^- ce 

The faster liquid exchange durmg the nse for the Y tl 

- - - - - - ^^^^ TtT" -^^^^^^^ 

The higher flow before the fall for the Y n^w inlet) The buffer 

, ■ . f fiirther awav from the sample tlow mietj. 
area ( i. e. , the interface is further aw . ^^^^ 
■ • .V, icr ^ and IFC 4 flow cells is placed closer to tne no 
2; flow valve m the IFC 3 and IFC 4 , .^d 4 flow cells is less for 

, flnvv valves (; e the dispersion m the IFC3 and 4 no 
the sample flow valves 0- P ^^^^^^ ^^^^^^ 

the liquid exchange to buffer flow than tor the q ^^^^^ 
These two effects together explain the improvement of the rise comp 



fall 
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SENSn I/.ATION AND ANALYSIS 

• n, Wln.tr'itcs the use of a representative Y flow cell 
This experiment illustratLs lui- u. r 

X T , ,^vo different liiiands on discrete sensing areas. 
5 of this invention to immobilize two diticrent 1 

^ ,vith rAVo fluid flows passing through the flow cell smc 
Immobilization was done with t^^ollUlu 11 i ^ ,hi<; 

;,„e under ...nar flo. co„d,„o„s A B.ACo. 2000 e.pio,ed fo * 
.s,n. .e V «o« ce>, of Pip. , . Fi^. 23A *o.. . e , u 

10 railed "Rl") over sensmg area 1 and me ouuu 

11- or Dur,„, *e immobiHza„o„ .here were no responses from 

"'2 and 3" The sensor^am shows a bu,R effec. fro.n the 

sensmg areas 2 and J. n'c 

A. , ihP huffer flow over sensmg area z anu j. 
immobilization flow, but not from the bu^. fl ^^^^^^^^^^^^ 

During the immobilization of a second hgand {i.e., 

1 f H 1 S mer called '•R2") over sensing area 3, there was no response 
15 ol eonucleotide l5-mer caueo j rlearlv 

. 1 .nd -> as shown bv Figtare 23B. These sensorgrams clearl> 

from sensing areas 1 and as sttown . . different lieands 

Show .ha. .he Y flow ceU ,s veo' good for ■n,n.obi.,za.,on of two d.fferen. „ga 

' 23C shows .be .,ee„o„ of an ana,.e ,„., a ohBO >6.n,er^ 

,0 caned con,pien.e„.ary .o Rl). The en.ire sensin, surface was con,ae.e 

20 caiiea , ^ , ,nalvte was in contact with both of the 

with the analyte. Even though the anal>te 

with ine ana y interaction with 

sensitized areas {i.e., sensing areas 1 and 3), only the sp 

, . resDonse The non-interacting Ugand and the non 

sensmg area 1 gave a respons . ^ ^^^^ ^^^^^^ 

sensitized area can he used as references. Figure .3C s 
2S all the sensing areas, this bulk effect is subtracted out in Figure 23E. Figure 

mition of a different ana.te .n ohgo ^'^^r ^^^^ 

TK,> h.ilk pffcCt IS arOUnd UlU KU, nui li'"- 

"R5", complementary to R2). The bulk etieci 1. 
effect may be subtracted as shown in Figure 23F. 
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l-roin the torci'oiiig- it 
embodiments of tlie mvenlion have 
illustration, various moditlcalions ma> 
and scope of the invention. 



,,,11 be evident that, aithoudi spccilic 
been diseussed herein ior purpose of 
be made withonl deviating from the spirit 
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Wc claim; 



1 . A method of sensitizing a sensing surface arranged to be passed 

by a liquid flow within a flow cell, comprising: 

providing a lammar flow of a first sensitizing fluid and a laminar flow of 
a second fluid adjacent to the flow of the first sensitizing fluid such that the tvvo 
lammar fluids flow together over the sensing surface with an interface to each other, at 
least said first sensitizing fluid being capable of sensitizing the sensing surface, and 

adiusting the relative flow rates of first sensitizing fluid and second fluid 
to posiuon the interface such that the first sensitizing fluid contacts a discrete sensmg 
area of the sensing surface for selective sensitization thereof. 

2 The method according to claim 1 wherein the second fluid does 
not interact with the sensing surface to thereby produce a sensitized area and a 
non-sensitized area on the sensing surface. 

3 The method according to claim 1 wherein, in a further step, the 
first sensitizing flu.d .s replaced by a fluid that does not interact with the sensing 
surface and the second fluid is replaced by a second sensitizing fluid that is capable of 
sensitizing the sensing surface differenfly than the first sensitizing fluid to produce two 
differently sensitized areas, optionally spaced apart by a non-sensifized area on the 
sensing surface. 

4 The method according to claim I wherein the relative flow rates 
of the laminar flows are varied to displace the interface laterally and provide a 
gradient-sensitized area on the sensing surface. 
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s 4 he mc 



,hod accordmg to clan. 1 whercn the rela.vc tlow rate. 



■ n.lv varied to provide a continuous 
,r the lammar tlows arc contmuoush saried P 

gradient-sensitized area on the sensing surfaee. 

1 -r^ 1 ^x'hprein an additional laminar 
6 The method according to claim 1 wherein 

Ur^'-^r flow of the first sensitizing fluid is sandwichea 

lUlCi LliclL Lil^ 

laminar flows ofthe second and third fluids. 



7, 



method aceordmg to claim 6 wherein the second and third 
fluids are not capable of sensit.zmg the sensing surface. 

3 The method aceordmg to claim 7 w^herem the method is repeated 

• ■ • r .t fluid and with varied relative flow rates of 
with at least one different sensrtrzmg first fluid and w, 

at ipri^t two adiacent sensitizeo suna^t, 
the second and third fluids to provide at least txvo J 

the sensing surface. 

^r.^ rla^ms 1-8 wherein 
9 The method according to a.y one claims ' 

..Motion Ofthe .ensih. .tface composes immoh.zms an a„a,.e-specif,c h^and 
to the sensing surface. 

,„ The method according to Cairn 9 wherein the anaiyte-specif.c 

.s seieetcd .m the .onp consistm. 0...—^^^^^^ 

u^K^rr^ratp nigosaccanae, recepioi, r 
oligonucleotide, carbohydrate, ol go ^^^^^^^^^^ ^^^^^^^ 

phospholipid, protein, hormone, avidm, b.otin. enz>m , . 
inhibitor and organic synthetic compound. 

, • 1 nr ft wherein the first sensitizing 
11 The method according to claim 1 or 6 wherem m 
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sensitized area onthe sensing surface. 
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ensitizmg lUna to >i-ai cu. m ^- 



1 • 11 the first sensitizing 

, 1 The method according to claim 1 1 vvhcrtin 

. , nnrt ii Icast two different second 

fluid sensitizes an area on the sensing surface, and at least . . . ^ . , 

r A transversely to the direction of the first sensitizing fluid 
sensitizing fluids are applied transversel> 

,0 yield at least two overlapping sensitized areas on the sensing surface. 

, 3 The method accordtng to claim 1 1 wherein at least two different 
.St sensitizing fluid sensitized at least two parallel areas 2:^^::2Z 
, l...t t^vo different second sensitizing fluids are applied transverse!) 

sensing surface. 

H The method according to any one of claims 11-13 wherein at least 

• • ■ fl or the second sensitizing fluid is an analyte- 
the ligand of the first sensitizing fluid or the secona 

specific ligand. 

A\na to claim 14 wherein the anal}le-specific 
15 The method according to claim wi 

. selected .om the group consisting of antigen, antibody, antihody .a^ertt, 

lonucleotide carbohydrate, oUgosaccaride, receptor, receptor fragment, 
oligonucleotide, ^^^^^^^^^^ ^^^^^^ 

phospholipid, protein, hormone, av.din, biotin, enzym , 
inhibitor and organic synthetic compound. 

oi^imQ 11-13 wherein at least 
16 The method according to any one ofclaimsl 113 ^^^ 

• ■ r.,;-! ;c -1 hi-functinnal 
of .he firs. sc„sm.ne fl.,d or *= second scnsm.ng flu.d ,s a b, f. . - 

ligand. 
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n. A sens.t.zed scns.ng surface made accord,ng U, tl.e method of any 



one 



: of claims 1-16 



, 8 , „,c>h„d of .n.ly7,,ng a flu.d sample for :>n analuc. compriMOg 
,„s,.,z,n.. . d,sc.,c sens™ area o„ a sen.ng surface by the method accord.ng .0 any 
e,:.„. ,.,6, co„,a«,„, .e area ..c fluid sample, and de.eCm, 

interaction between the analyte and the sensmg area. 

19 The method accord.ng to cla.m 18 wheretn at least one 
non-sensitized area on the sensing surface ts used as a reference. 

The method according to claim 18 wherein at least one sensttized 



area on 



20. 

the sensing surface is used as a reference. 



21 



, , A method of analyzing a fluid sample for an analyte. comprtstng^ 
providing a flow cell having . sensing surfaee associated therewtth. 
wherein the sensing surface has a, leas, two discrete sensing areas thereon ^d 

selectively contacting the fluid sample with at least one of the dtscrete 
senstng areas h, passing the flnid sample through the flow cell under lamtnar flow 
o s ««h a econd fluid, wherein selecttve contact with the at leas- one dtscrete 
rlg area is controlled hy adjusting the relative flow rates of the fluid sample and 
the second fluid. 

n The method according to claim 21 wherein the fluid sample 
passes through the flow cell under laminar flow cond.tions w„h the second fluid and 
Lher With a third fluid located on the other s,de of the flow „. ne san^ . d 
,hat the lamtnar flow of the sample flu.d ts sandwtchcd between the second and 



flows. 



wo 99/36766 



[>CT/SK99/00063 



47 



The method according ,0 cl.„n 21 therein .he rcl.uvc ilo-v rates 
of .he sanrplc'flord and .he second flo. are adjus.ed .o bring .he sample lUnd ,n,o 
,v„h one of .he a. ,eas. „ d.sere.e sens,,, areas .ha. .as no. prev.oos,, ,n 
contact with the sample fluid. 

24 The method aceordrng .0 chaim 22 wherein the relative llow ra.es 
the second and third flows are adpsted to bring the sample flow in.o eontae, wtth 
one of the at least two discrete sensir.g areas that was no, prevtous,, ,n c„ 

the sample tluid. 



9S 



The method according to cla.m 21 or 22 wherem one of the at 
least t^vo discrete sensing areas is a sensitized sensing area. 

26. The method according to claim 21 or 22 wherein one of the at 
least t^v■o discrete sensing areas is a sensitized reference area. 

27. The method accordmg to claim 21 or 22 wherein one of the at 
least two discrete sensing areas is a non-sensitized reference area. 

28. The method according to claim 27 wherein the non-sensitized 



was previously a sensitized sensing 



area. 

area "~ 



29. A method of analyzing association of an analyte in a flutd sample, 

which method comprises: .uprpnf the 

providing a now cell having a sensing area on a wall surface thereof, 

sensing area being capable of interactmg with the analyte; 

passing fluid sample ,n a first laminar flow through the How cell. 
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- „e ...ve now „n.e .... ^o- 

. -nterface laterally .uch that the sample flow contacts the .ca....- 

displace tne interface lateral ^^^^ 

determining association of analyte 

area. 

30. A method of analyzing dissociation of an analyte in a fluid 

sample, which method comprises: ^^^^^ ^^^^^^^^ 

providing a flow cell having a sensing area on 

:-...e..e«..a — ^^^^^ 
second lamtaar flow being adjacent ,o .he firs. Iam,nar 

.e ,a.,na. flow. ..a. ..e sa.p,e fluid flow co„,ac.. 
^ „,a.ive flow „.es oHhe >a™^^^^^^^^^^^^^^ 

area; and ^c^;no ;irp^ 

de.era™i„g dissocia.,o„ of analy.e from .he sensmg area 

3, A sensor devree co,.p„s,ng a flow ce,, havrng a„ ,„,e. end a^^^^ 
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.envcc, t„c „„« and ends, .herein U,c „„« ceU h. . lea. -l- "Pe-nP^ 
,e, end. and . ,ea. one o„ae. opcnin. a. .he „.,e, end. .nch ,ha, .epara.e 
::::::„„id .,0., «„. ce„ .h-on,, .e .e.,pee.,ve „,.e, open,n. can 

now side by s,de throngh the flow eell over ,he sensmg surface. 

32. The sensor dev.ee according to claim 31 wherein ,he flow eell has 
two inlel openings and at least one ootlet opening. 

33 The sensor dev.ee according to elain, 3 1 »here,n the How cell has 
.Hree ,n,e, openings and a. leas, one ou.le, open.ng .0 per^i. es.ah,ishn,en. o,' .hree 
adjacen. lan,inar flo.. in a sandwich fashion .hroogh .he flow cel.. 

34 The sensor device according .0 claim 32 or 33 wherein .he flow 
ecu .hrrhe, has a. leas. Uvo additional Inle, openings at,d a. leas, one ^^'^^-^ 
opening a.anged essen.ia.ly .ransversely .0 .he fluid pathway herween .he .nle. and 

outlet ends. 

35, The sensor device accordmg .0 claim 32. 33 or 34 wherein .he 
sensing surface is tumably moun.ed wlAln .he flow cell. 

36, The sensor device according .0 claim 31 wherein .he sensing 
surface has a. leas, wo discre.e sensing areas .hereon. 

37, The sensor device according .0 cla.m 36 wherein one of .he a. 
leas, wo discrcc sensing areas is a reference area 

38 The sensor device according .o claim 36 wherein one of .he a. 
,eas, wo diserere sensing areas ,s capable of specifically in.eraC.ng wi.h an analyse. 
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• • ^,^n<(^^ device accorcliiie to anv 
A sensor system, comprising a sensor dcMce 

nnc claims ^1-38 and flirthcr comprising: 

^"^^"^ .,e .,a„ve flo. ..es 0.-.C ,a.,„ar «ow. of «... .0 

.soeclve ,a.cra. ~ of .he .an„na, flow. ove. ,h. se„.n. surface; 

detcct.on means for detecting interaction events on the sens.g surface. 

40. The sensor system according to claim 39 .herein the detection 
means comprises an optical sensor. 

A- „ io rlaim 40 wherein the optical 

41. The sensor system accordmg to claim 4U wn 

sensor is based on evanescent wave sensing. 

t,^ nlaim 40 wherein the optical 

42. The sensor system accordmg to claim 4U w 

sensor is an SPR-sensor. 

43 A method of synthesizing compounds, comprising sensitizing a 

■ „ .„rf»re hv the method according to any one ot 
discrete sensing area on a sensmg surface by m „f chemical 

claims 1-16, wherein such sensit.zation constitutes the successive add.t.on of chem 

moieties to achie%'e compound synthesis. 

44 A method of synthesizing peptides or oligonucleotides 

.;r.rr cnrf;ire hv thc methoci 

— '"--'"'-'Toft:"^^ 

ir: oiigonuc.^^^^^^ 

oligonucleotide synthesis. 



pCT'SK99/00063 



WO 99/36766 



1/22 




I'( T/SE99/00063 



WO 99/36766 




Fig. IB 

(PRIOR ART) 



PCT/SE99/00063 



WO 9') 36766 

3/22 





I>CT SE99/00063 



WO 99/36766 

4/22 





PC T/SK99/00063 

WO 99/3676(> 

5/22 





I>rT/SK*)^/00063 



WO 99/36766 

6/22 





PC r/SK9^J/00063 



\\ () 99/36766 

7/22 




rCT/SE99/00063 



W'O 99/36766 

8/22 



[Relaiive 



cone 



1 _ " 



I : 
I ; / / 

I ■ ; '' / 



/ 



/ / 

/ / ' 1 1 



Q 

Interface 



[Relative distance 
perpendicular to 
the flow direction.] 



Fig. 7A 



[Relative cone] 1 

0.9 




Interface. 1 Interface. 2 



Fig. 7B 



[Relative distance 
perpendicular to 
the flow direction.] 



PCT/SE99/00063 



WO 99/36"66 

9/22 




PCT/SK9')/00063 



WO 9^/36'760 

10/22 





I>( T/SF9Q/00063 




Fig. I IB 



PC 1 /SK99/00063 




PC T/SF99/00063 



WO 99/36766 



13/22 



1350 



1 



7 ^ < 



1510 



1320 
1330 



Fig. 13 A 



1350 



—\ 1321 
----H \331 



Fig. 13B 



1391 1393 



f ' ' 1 



K' 1 



' i 



/ 



u 



Fig. 13D 



y 



/J/l' 



-< — 

. r 



\ \ i 

Yig. 13C 




VC;T/St99/00063 



WO 99/36766 

U/22 




Fig. 14B 



l»rT/SK^9/00063 

WO 99/36766 



15/22 




1600 



Outlet 



( 

1640 



Buffer inlet 1 f670 




1610 
Sample 



7.2 mm 



1630 



Buffer inlet 2 



20 mm 



Fig. 16 



pCT/SE9^/00063 



WO 99/36766 

16/22 




Q . 



0,000 
0.0008 - 
0.0007 



0.0005 \ 



!5 0.000 



5 7 



o 



0.0004 I 



0.0003 T 



^ 0.0002 , 

0,0001 i>^'' 



X 




Time 



¥ig. m 



PCT/SF99/00063 



WO 99/36766 



17/2 



0 



I — 1 

c E 

' * 




H-f 
Na+ 
Sucrose 
Bovine insulin 
Serum albumin 
Imnnunoglobulin 

^^^^^^ Molecule 



o 

Concentration 
limit and flow 
rote [ul/min]. 



Fig. 18 



o 



Interface 1 Interface 2 g^. 




PCT/SK99/00063 



WO 99/36766 

18/22 



ConcAb 



ConcSali 



loncM 



flow 10 - 0.315 s. 
^ — ■ — — — — - 1 ••• ■ " I 



[Fraction of a q u- 
original cone] ^'^1^ 



0.7 r 
0.5' 
0.5 
0.4 

O.2I- 

0.1 

0- 
0 



/ \ 



[Fraction of 
oriainal cone 

ConcAb 



ConcSQlt 



1 




0 



20 



40 [urn] 



Fig. 20A 



ConcH 



Flow 100 - 0.03_lll_ 




1 



0 



40 [tinn] 



Fis. 20B 



original cone] 



0.9 

ConcH 0.8 



ConcSalt 
ConcAb 



0.7 r 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 



0 



/ \ 
/ \ 
/ \ 
/ \ 
/ ^ 



20 



0 



Flow lOO^JMi-S 1 
[Fraction of 1 r- 

original cone] 0.9 
ConcAb 



ConcH 



40 [urn] 




Fig. 20c 



Fig. 20D 



l>CT/SE99/00063 



WO 99/3 67^1 6 





C> CD o 
O CO 



ssuodsay 



PCT/SE99/00063 



WO 9^/36766 

20/22 



Liquid excliange raie constants [l/s; 



k[l/s] 




Y Rise 
Y Foil 
IPC 3 Rise 
IPC 3 Fall 
IPC 4 Rise 

IPC 4 Fall 



Flow rate [^il/min] 



Fig. 22 



PCT/SE99/00063 



WO 99/36*76^ 



21/22 




666666 



666666 



wo 99/36766 



22/22 



PCT/SE99/00063 



cT"?-- (>• o* C"- «>• ^" ^* ^* ^ ^' 




• I t • • • 

666666 



o 

<D 

E 



o 




r r 



. (-^. fv. o- 0-* (>* 0-* o o- 



666666 




0-* C^' 0-* c^* 



• ••••• 

666666 



O 

O 
-O 



a> 

D 

o 
-a 

CD 

o 
o 

IS 




c^- o* o 



■ 4 t « • * 

666666 



INTERNATIONAL SEARCH REPORT 



A. CLASStFiCATlON OF SUBJECT MATTER 

IPC 6 G01N21/5B GOlNa.OB 



init -onal Application No 

pcr/SL yy/00063 



Acco'-:5ina tc Iniemalional Patent C:3so.t:;:ation 



B, FIELDS SEARCHED 



IPC 6 GOIN C23C 



Doc'jmentalion searched othsr man minimum Co 



cumentai.on to the e^ent that such docum,9".ts are incuaeo m tne fields searched 



Eiecironic aata base consuttsd during in9 international search (name o 



f aata base and, /.-nere practical, search terms used) 




WO 96 35940 A (CIBA GEIGY AG ;BUDACH 
WOLFGANG (CH); NEUSCHAEFER DIETER (CH); 
PAWL) 14 November 1996 



Y 



1-4,6,7, 
9,10,17, 
18,39-42 
iq 70 

43,44 



5 - 1 ine 

6 - 1 ine 



8 
8 



see page 2, 1 ine 
see page 5, 1 ine 
see page 5, line 29 - page 6, line 3 
see page 6, line 30 - page 7, line 3 
see page 11, line 19 - line 
see page 18, line 21 - page 
see page 20, line 22 - page 
see page 22, line 10 - line 
see page 26, line 15 - line 
see page 32, line 17 - page 
see figures 5,6 



26 

19, 

21, 

15 

28 

33, 



1 1ne 
1 ine 



5 

27 



1 1ne 5 



-/-- 



Furlher documents are listed in the continuation of box C. 



0 



Patent family members are Usted tn annex 



' Special categories of crted documents ; 

■A" document defining the general state of the art which is not 

considered to be of particular r&ievance 
"B- earlier document but published on or atler the international 

tiling date 

-L" document which may throw doubts on pnorrty ciaim(s) or 
which IS cited to establish the publication date or another 
crtation or other special reason (as specrfied) 

"O" document relernng to an oral disclosure, use, exnibition or 
other means 

..p.. ".-^KHod prior to the imemalional dlmq date bul 

later than the pnonty date claimed 



T" later document published after the international filing date 
or pnonty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

X" document of particular relevance, the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
document ot particular relevance: the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

'S. document member of the same patent family 



Date o1 the actual completion o^ the international search 



23 April 1999 

Name and marling address ot the ISA 

European Patent Otiice, P B 581 8 Patentlaan 2 
NL - 2290 HV Rijswtik 
Tel {*31-70) 340-2040. 31 651 epo ni. 
Fax: (*31-70) 340-3016 



! Dale of mailing of the international search report 



03/05/1999 



Authorized officer 



Navas Montero, £ 



Form PCT/ISW210 (s^corxJ sh««tl <>iV 1 992) 



ATIONAL 

SEARCH REPORT 




X 



uQ 97 01087 A (CIBA GEIGY AG ;OROSZLAN 
PETER (CH); ERBACHER CHRISTOPH (DE); 
DUVEN) 9 January 1997 



Y 



6 

12 



see page 1, line 1 - line 
see page 2, line 7 - line 
see Dage 5 . 1 ine 14 - 1 me 20 
eepge7. line 24 - page ^line2 
see page 12. line 5 - line 19 
see page 17. line 23 - page 9 ne 
see page 21. line 22 - page 22, line 
see figures 8,9 



18 
2 



A 
Y 
A 



WO 96 10178 A (PHARMACIA BW^^^^^^^ 
•.LOEFAAS STEFAN (S£)) 4 April lyvo 

see page i, line 3 - line 6 
see page 2. line 18 - line 4 



1 -i n p 
1 1 1 I C 



see page 6, line ly -_page /, 

WO 94 27137 A (UNIV UTAH RES FOUND) 

24 November 1994 

see the whole document^^ 



22 



[ in,e~ ronal Application No 

PCT/SE 99/00063 



21,22, 

25-27, 

31-33, 

36-41 

19,20 



29,30 
43,44 
1 



I 



INTERNATIONAL SEARCH REPORT 

Information on patent fannily members 



IntL .ional Application No 

PCT/SE 99/00063 



Patent document 
Cited m search report 



Pubticatton 
date 



WO 9635940 



A 



14-11-1996 



AU 
CA 
EP 
PL 
ZA 



5763296 A 
2219769 A 
0824684 A 
323257 A 
9603731 A 



PuD ligation 
ja'e 



29-11-1996 
14-11-1996 
25-02-1998 
16-03-1998 
12-11-1996 



WO 


9701087 


A 


09- 


01- 


1997 


AU 


6354796 


A 


22-01-1997 


wo 


9610178 


A 


04- 


■04- 


1996 


EP 


0784793 


A 


23-07-1997 










JP 


10507126 


T 


14-07-1998 


wo 


9427137 


A 


24- 


-11- 


1994 


US 


5512492 


A 


30-04-1996 










AU 


7311694 


A 


12-12-1994 














CA 


2162996 


A 


24-11-1994 














EP 


0700514 


A 


13-03-1996 














JP 


8510331 


T 


29-10-1996 














lie 

^ 1 o 


5677196 


A 


14-10-1997 














US 


5846842 


A 


08-12-1998 



Form PCT/lSA/210 {p«t»ni tumty •on«»J (X*y '^2) 



